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Sturgeons (Acipenseridae) were once native in all major rivers of the Northern 4 8
Hemisphere, but over the last 100 years, they have shown a drastic decline due to fishing, 1 0 5
The experiments were performed at the experimental facilities at the Leibniz Institute of 1 0 6
Freshwater Ecology and Inland Fisheries (IGB, Berlin, Germany) using fish from the sturgeon 1 0 7 stock kept at the IGB. The experiment was conducted successively with 4 trained and 4 non- trained one year old Baltic sturgeon (Acipenser oxyrinchus) (TL 19-25 cm, 34 -37 g) 1 0 9 randomly distributed between 8 experimental raceway units (2.40 m * 0.225 m * 0.1 m) at a 1 1 0 natural photoperiod and acclimatized for 7 days. Dissolved oxygen (8.41 -9.16 mg/L), and 1 1 1 temperature (18 -20 °C) were measured daily, nitrit-nitrogen (0.002 mg/L) and total 1 1 2 ammonia (TAN, 0.021 mg/L) every three days. Furthermore, 10 sturgeons were transferred to 1 1 3 a constructed river stretch (6 m length, 1 m width, 0.2 m water depth, supplied by a Pontec 1 1 4
Pondomax Eco 8000 pump) simulating close to natural conditions. The pond group was 1 1 5 reared in an outside river stretch in order to compare the results of the trained and non-trained 1 1 6 experimental groups to a more naturalistic environment (positive control). Three experimental groups were established: non-trained, trained and pond (8 fish per 1 1 8 group). The 8 raceways were assigned to non-trained and trained experimental group. The trained group had a sandy bottom (10 cm depth) while for the non-trained group the four 1 2 0 raceways were left bare (10 cm depth).After a 7 day acclimatization period, during which the 1 2 1 fish were fed chronomids, the training school started. The training was specifically designed 1 2 2 to improve foraging behavior. Therefore, trained fish were fed chironomids hidden below a 1 2 3 sand spot (< 10 cm), while the fish in the remaining bare raceways received chironomids on the bare tank bottom (non-trained). Before feeding in the respective raceway, fish were 1 2 5 isolated by introducing a wall which was removed after feed had been introduced in the 1 2 6 remaining part of the raceway. In the pond group, chironomids were hidden in the sandy After 14 days, two sturgeon of each group were sampled for the gene expression, the 1 2 9 remaining two fish were transferred to a raceway covered with sand (behavioral assessment). . For the assessment, chironomids were hidden in the sand and time until successful foraging 1 3 1 was recorded for trained as well as for untrained fish (n=8). If chronomids were not 1 3 2 successfully found within 120 min, food was removed. This assessment of foraging behaviour 1 3 3 was repeated for seven consecutive days. For the gene expression analysis, fish were euthanized with MS222 (300 ppm) followed trained, pond) were dissected and divided into three parts representing the three main brain All experiments were in compliance with EU Directive 2010/63/EU and approved by the Nano chips with an Agilent 2100 Bioanalyzer. To eliminate potential DNA contamination, the manufacturer's instruction. In 10% of the samples, the enzyme was substituted by pure 1 5 1 H 2 0, serving as a control (-RT) to monitor DNA contamination. Species-specific primers targeting elongation factor 1α (ef1a), brain-derived neurotrophic 1 5 3 factor (bdnf), neurogenic differentiaton factor (neurod1) and proliferating cell nuclear antigen 1 5 4 (pcna) were designed using the sequence information available. Specificity of the assays was specifications of qPCR assays, including primer sequences are given in Table 1 . for all individual samples were run in duplicate. Expression of target genes were calculated by 1 6 5 the comparative CT method (ΔΔCT) according to (Pfaffl, 2001) , correcting for the assay 1 6 6 efficiencies and normalizing to elongation factor 1α (ef1a) as a housekeeping gene. Data are presented as mean ± standard deviation (SD). Prior to statistical analyses, all data In the behavioral assessment ( Fig.1) , significant differences were observed between non-1 7 8
2.2.Gene expression
trained and trained fish. While the time taken to initiate feeding successfully progressively 1 7 9 decreased in both groups over the 7-day feeding study, this time was significantly less 1 8 0 (p<0.05) in the trained compared to the non-trained fish at all time points (Fig. 1) . On day 1, Selected genes related to brain plasticity and cognition (neurod1, bdnf, pcna) were 1 8 6 analyzed in all three brain areas of Baltic sturgeon. Regarding the forebrain region (Fig. 2) , sturgeon after 14 d of training (Fig 2A) . Furthermore, pcna expression showed an up-1 9 0 regulation in the pond group in comparison to both trained and non-trained groups in the 1 9 1 forebrain of Baltic sturgeon (Fig. 2B) . Similar results were observed in both midbrain and Stocking still remains an important conservation tool to combat the continuing global 1 9 8 decline in fish biodiversity (Pikitch et al., 2005) . Hatcheries are a key element in the recovery 1 9 9
plan for sturgeon and have been regarded as a temporary measure until more aggressive In general, when released directly into the rivers, the survival of hatchery reared juveniles through behavioral performance is needed in order to continue successful recovery 2 1 6 plans. Suggested methods for improving the survival of hatchery fishes include 2 1 8
supplementary feeding with live foods, the provision of under-water feeders, sub-aquatic 2 1 9 structure, natural substratum, etc (Maynard and Flagg, 1994) In the wild, Baltic sturgeon is a 2 2 0 benthic feeder which shows a digging behavior in order to find worms, shrimps and other 2 2 1 invertebrates from the substrate (Miller, 2004) . Like all fish behavior, foraging relies on 2 2 2 experience. The foraging skills of fishes become adjusted to ecological conditions through 2 2 3
learning (Hughes et al., 1992; Warburton, 2003) . Fish are able to learn to recognize prey, how 2 2 4
to handle them and where they are likely to be located (Warburton, 2003) . Results from the 2 2 5 behavioral assessment of this study suggest that a short training period can improve the 2 2 6
foraging ability of Baltic sturgeon by reducing the amount of time taken to successfully 2 2 7
forage. This significant improvement was seen in the first 7 days, which can be critical when The understanding of fish cognition and the role played by different brain regions has cognitive processes (Ebbesson and Braithwaite, 2012; Knudsen, 2004) , and thus has a large regions are activated during a particular cognitive process. In this study, three main genes 2 4 7
were studied: neurogenic differentiation factor (neurod1), brain-derived neutrophic factor 2 4 8 period of training could potentially help Baltic sturgeon in their process of learning to 2 7 1 successfully forage, which could be a first approach to improve restocking practices. Since 2 7 2 rearing conditions are highly important in stocking for conservation, hatcheries should aim to 2 7 3 produce juveniles that are morphologically, genetically, behaviorally and physiologically 2 7 4 similar to the stock they pretend to enhance and recover. Furthermore, restoration programs 2 7 5 require a variety of information on sturgeon and thus, it is interesting to produce and keep up 2 7 6
to date extensive reviews of the literature. Further work is needed in order to determine the 2 7 7
survival of sturgeon reared under alternative hatchery-rearing practices taking into account 2 7 8
other key factors in sturgeon survival. To our knowledge, this is the first study that looks into foraging training in Baltic sturgeon to 2 8 1 improve fitness for re-stocking purposes. We observed that both behavioural and There are no conflicts to declare 2 8 9
